Abstract. The objective of this study was to evaluate the photosynthetic response and growth of young grape "Niagara Branca" vines grown in soil with high content of Cu and liming. The experiment was conducted in controlled environment with soil subjected to three levels of liming, with 0, 1.5 and 3.0 Mg ha −1 of lime. The effect of additional 50 mg kg −1 Cu in half of soil treatments was evaluated. The CO 2 measurements, assimilation rate, stomatal conductance and transpiration were carried out in the tenth cultivation week using the IRGA equipment (Infrared Gaz Analyzer). Plant height, fresh weight and dry weight, concentration of chlorophyll a, chlorophyll b, total chlorophyll, and carotenoids were measured. For most variables, the Cu had damaging effect on 0 and 1.5 Mg ha −1 liming treatments however, there was no significant damage in the 3.0 Mg ha −1 treatment. Rates of CO 2 assimilation, stomatal conductance, and transpiration were increased with the addition of 50 mg kg −1 Cu. Liming to raise the pH of the soil is an effective practice to reduce the effects of Cu toxicity in young "Niagara Branca" grape vines.
Introduction
Young "Niagara Branca" grape vines (Vitis labrusca) are routinely subjected to successive applications of fungicides and copper (Cu)-based Bordeux mixture for preventive control of foliar fungal diseases. Residual Cu can accumulate in soils after continuous application, increasing the available form of the element [3, 5] .
Cu is an essential to the growth and development of plants micronutrient, but when the soil contains high concentrations, the amount absorbed by plants can be excessive and cause decreased concentrations of photosynthetic pigments, such as chlorophyll and carotenoids, which are responsible for the conversion of light into chemical energy in the form of NADPH and ATP with the releasing O 2 [4] . However, impairment of the photosynthetic efficiency of plants results in reduced growth. Therefore, analysis of Cu concentrations becomes a Corresponding author: danielrosa.agro@gmail.com a necessary strategy to mitigate the toxic effects of Cu to young vines.
When the pH of the soil is low, Cu forms are available in greater amounts in soil [1] and therefore, the use of lime for its repair may be an important tool to reduce the availability of the element in the soil, and hence its uptake by plants. Therefore, the application of lime to raise the pH can be an important strategy to reduce the toxicity of Cu to plants.
The study aimed to evaluate the photosynthetic response and growth of young "Niágara Banca" vines, grown in soil with high content of Cu and liming levels.
Materials and methods
The experiment was conducted at Federal University of Santa Catarina-SC, in a controlled environment room at 25 ± 2
• C with a 16 h light day −1 photoperiod with photosynthetically active radiation of 200 µmol photon m 2 s −1 ± 10 using seedlings produced by in vitro propagation, after about 60 days of acclimatization. The BIO Web of Conferences Means followed by different lowercase letters in the column differ by Tukey test at 5% probability of error for the liming factor. Means followed by different capital letters in the line differ by Tukey test (5%) for Cu factor.
soil 0-20 cm from the border was not subjected to anthropic application. Then, lime was applied at doses of 0, 1.5 and 3.0 Mg ha −1 to obtain the values of pH 5.2; 6.0 and 7.0, with lime termed 1, 2 and 3 respectively. Limestone (MgCO 3 and CaCO 3 ) PA (PRNT 100%), Ca:Mg of 2:1 was used. After incubation of the soil, the pH of the treatment was 4.5; 5.5 and 6.2. Half of the soil received 50 mg kg −1 Cu. The experimental design was a randomized block design with six replications in a 3 × 2 factorial. Each experimental unit consisted of an allocated plant in a "rhizobox" vessel containing 1.2 kg of plant soil.
CO 2 measurements, assimilation rate, stomatal conductance and transpiration were carried out in the tenth cultivation week in time from 10 to 12 using the IRGA equipment (Infrared Gaz Analyzer) model Li-6140XT under a closed system with 380 ppm CO 2 and photosynthetic active radiation of 1000 µmol photon m 2 s −1 and leaf area of 6 cm 2 . The plant height was measured using a ruler.
At the end of the experiment, the plants were segmented, weighed and dried at 65
• C until constant mass and shoot biomass was determined with a precision balance. The concentration of chlorophyll a, b, total and carotenoid was determined by the dimethylsulfoxide (DMSO) method, using 100 mg of foliar tissue and incubated in a water bath with 7 mL DMSO at 65
• C for two hours without maceration. After filtering, the total volume was adjusted to 10 mL. The values obtained by spectrometry were used in equations Wellburn (1994) 
Results and discussion
The fresh weight and dry weight of shoots were reduced with the increase of Cu in soil, with the exception of plants grown in soil with addition of 3.0 Mg ha −1 of lime (Table 1) . With this level of liming biomass production of 50 Cu treatment increased significantly and did not differ significantly from the treatments without added Cu. For treatments without the addition of copper, liming factor was not significant. (Table 1) . For both treatments, the percentage of dry mass was 35% of the fresh weight. The increment in height (Fig. 1) , chlorophyll (Tables 2 e 3 ) and carotenoids (Table 3 ) of the plants did not differ between the levels of liming for Cu 0. However, for the Cu 50 liming factor was significant for limeing of 0 and 1.5 Mg ha −1 Cu addition impaired growth and the concentration of the foliar plant pigments. For the liming, of 3 Mg ha −1 average equaled factor for Cu. Alteration in biomass in height increment and in levels of leaf pigments caused by liming may be a consequence of the reduced availability of Cu by increasing the pH of the soil [1] . Furthermore, the increase of calcium and magnesium in the soil by the addition of lime may have been beneficial for young vines because there is a competition for the absorption of these elements and Cu by plant roots, thereby reducing the content of the trace element in the tissues vegetables [6] .
Chlorophyll a was more abundant than chlorophyll b for all treatments ( Table 2 ). The relation chlorophyll a/b showed an average standard of 2.5, which is consistent with the values and proportions found by [2] who worked with young "Cabernet Sauvignon" grape vines.
The variable content of carotenoids had no effect on the interaction between factors, but it was found that the addition of Cu reduced its concentration in the leaves of young vines (Table 3) .
The rate of CO 2 assimilation, stomatal conductance and transpiration behaved similarly to each other, and there was superiority of fees for treatments with the addition of Cu and no difference for the liming factor in both cases (Tables 4 and 5 ) . The reduction in leaf area with addition of copper caused an increase in photosynthetic activity. This effect is possibly related to offset the reduction in 01005-p.2 th World Congress of Vine and Wine and 12 th General Assembly of the OIV Means followed by different lowercase letters in the column differ by Tukey test at 5% probability of error for the liming factor. Means followed by different capital letters in the line differ for Cu factor. Means followed by different lowercase letters in the column differ by Tukey test at 5% probability of error for the liming factor. Means followed by different capital letters in the line differ for Cu factor. Means followed by different lowercase letters in the column differ by Tukey test at 5% probability of error for the liming factor. Means followed by different capital letters in the line differ for Cu factor. Means followed by different lowercase letters in the column differ by Tukey test at 5% probability of error for the liming factor. Means followed by different capital letters in the line differ for Cu factor.
